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1 Introduction

During the September RAN4 ad-hoc and RAN4#84bis, the relationship between PRB grid alignment and spectrum utilization was discussed. A WF was agreed in [1] and an LS in [2]. In this paper, we aim to present our understanding of the issue in the hope of clarifying what is needed in the specifications.
2 Discussion

It is worthwhile to differentiate the discussion between:

· what is necessary to demonstrate compliance to RAN4 requirements and 
· how to calculate the number of active PRBs for each SCS in case multiple SCS are supported.

During the previous discussions, the view of the PRB alignment from the BS and from the UE were not differentiated. In our view, it is also useful to consider separately the BS and UE perspectives, and what is needed to be captured in the specifications.

2.1 Minimum RAN4 requirements and conformance testing

As will be discussed in subsequent sections, depending on the location of the carrier centre with respect to the PRB grid, the achievable PRB utilization may differ dependent on deployment of the PRB grid and channel bandwidth.

There will always exist, however the possibility of a configuration in which a single SCS is active and the centre of the BS or UE channel bandwidth aligns exactly with subcarrier 0 or 6 (depending on whether the number of utilized PRBs is odd or even). In these cases, the guard at either side of the active PRBs will be a minimum. Both BS and UE need to be able to support this configuration, and thus the RAN4 requirements should be stated as applicable when:

· The SCS in question is the only active SCS

· The centre of the channel bandwidth aligns with either subcarrier 0 (for odd PRB utilization) or subcarrier 6 (for even PRB utilization)

The PRB utilization should be stated as agreed in [3], with no reductions in the utilized number of PRBs.
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Figure 1: Position of channel centre to maximize symmetry for (above) even and (below) odd PRB utilization
Proposal 1: The RAN4 requirements and conformance test for BS and UE should be stated as applying for each SCS and bandwidth with:

· Only the SCS in question active

· The centre of the channel bandwidth exactly aligned to Subcarrier 0/6

· The PRB utilization as agreed in [3]

The agreed PRB utilization is stated here for clarity:

Table 1 PRB utilization for FR1

	Channel BW [MHz]

SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 

Mhz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


Table 2 PRB utilization for FR2

	Channel BW [MHz]

SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


2.2 Impact of simultaneous multiple numerologies at the BS
According to RAN1, the SCS0 of PRBs for all SCS must align at some point. This agreement means that, when multiple SCS are active, it is not possible to ensure that the centre of the channel bandwidth is in the right position (SC 0 or SC 6) for all SCS.
Figure 2 indicates possible positioning of the channel centre when the BS operates 2 numerologies, or 3 numerologies. If 2 numerologies are operated, then if the smaller numerology has an even number of PRBs (hence the channel centre needs to be at SC 6 of the smaller numerology) then the channel centre will lie at SC 3 or SC 9 of the higher SCS numerology. This will lead to 90khz asymmetry for one of the two numerologies.
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Figure 2: Potential positions for channel bandwidth centre for the BS when 2 SCS (top) and 3 SCS (bottom) are used
If 3 numerologies are active, then the channel centre could lie at SC 1.5, 3, 4.5 or 6 of the highest SCS numerology. However, by selecting the alignment of the channel centre to PRB grid to maximize symmetry for all numerologies, the maximum amount of asymmetry for any numerology can be restricted to 90khz. In our view, the positioning of the BS channel centre should be left as a deployment option, depending on the supported SCS, bandwidth and prioritization of the SCS.
To accommodate this 90khz asymmetry, the BS specification could simply quote the minimum size of guard for each bandwidth, and a rule stating that once the PRB grid is allocated, all PRBs that do not violate the minimum guard are utilized. If the RAN4 specification is written in this manner, then the operator is left free to define the PRB grid in a manner that is optimal for their deployment.
Proposal 2: A subsection of the BS specification specifying minimum guard sizes for each BS channel bandwidth / SCS and stating that for a configured PRB grid, all PRBs that do not violate the minimum guard are utilized.
· The minimum requirement and conformance test shall assume that the BS channel bandwidth centre is at SC 0 or 6 such that the PRB symmetry is maximized and PRB utilization is maximal


[image: image3]
Figure 3: Illustration of how rule for deciding active PRBs for the BS should work
The minimum guard should be stated as follows:

Table 3: Minimum guard for BS for FR1

	Channel BW [MHz]

SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz

	15
	250
	320
	390
	460
	530
	600
	560
	700
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	520
	680
	660
	820
	800
	960
	920
	1060
	840
	980
	940
	900
	860

	60
	N.A
	1040
	1020
	1360
	1340
	1320
	1640
	1600
	1560
	1520
	1480
	1440
	1400


Table 4 Minimum guard for BS for FR2

	Channel BW [MHz]

SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	1240
	2480
	4960
	N.A

	120
	1960
	2480
	4960
	9920


2.3 UE carrier and SCS alignment

From a UE perspective, an important difference to the BS is that even with only one SCS active, it may not be possible to place the centre of the UE channel bandwidth in the correct position to achieve symmetric PRB placement.

Consider, for example an 400MHz BS carrier, which from the BS perspective is a continuous sequence of PRBs. An individual UE may be allocated one or two 200MHz carriers within this bandwidth if it does not support 400MHz. Assuming that the 264 utilized PRBs of the 400MHz are placed evenly, then the centre of the BS channel bandwidth is at SC 0 of the PRBs (assuming 120khz SCS). One of the 50MHz UE carriers will be at -25MHz from the channel centre. -25MHz from the centre will correspond to 17.36 PRBs from the centre, which will imply that the centre of the UE channel will be 4.3 subcarriers from the PRB edge. This will lead to an asymmetry of 520khz in the UE PRB positioning.
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Figure 4: Example of allocating a UE channel bandwidth within a BS channel bandwidth that does not enable symmetry for the UE PRB utilization
The above is intended purely as an example, however the point is that even with only a single SCS active, the positioning of the UE channel bandwidth within the BS channel bandwidth may not enable symmetric PRB utilization.

Observation 1: Even with only a single SCS configured, even PRB utilization at the UE may not occur (dependent on the position of the UE channel bandwidth within the BS channel bandwidth)

Of course, if in the future the UE should support transmission or reception of multiple SCS then the issue described for the BS, that the PRB allocation cannot be symmetric for all of the SCS will also apply.

In the UE specification, therefore it is important to capture that for a given configuration, the PRB utilization may differ from the maximum configuration. This can be captured by stating that considering the relationship between the channel bandwidth centre and the PRB grid, all PRBs that do not violate the minimum guard for the UE channel bandwidth shall be utilized. Note that the minimum requirement and conformance test should assume that the channel centre is placed to maximize PRB utilization.

Proposal 3: For the UE specifications, capture that:

· Taking into account the alignment of the PRB grid to the UE channel bandwidth centre, all PRBs that do not violate the minimum guard for the SCS and UE channel bandwidth shall be utilized

· The minimum requirement and conformance test shall assume that the UE channel bandwidth centre is at SC 0 or 6 such that the PRB symmetry is maximized and PRB utilization is maximial
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Figure 5: Illustration of calculation of utilized PRBs for the UE

The minimum guard sizes for the UE are as follows:

Table 5: Minimum guard for UE for FR1

	Channel BW [MHz]

SCS [kHz]
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz
	khz

	15
	250
	320
	390
	460
	530
	560
	700
	N.A
	N.A
	N.A

	30
	520
	680
	660
	820
	800
	920
	1060
	840
	940
	860

	60
	N.A
	1040
	1020
	1360
	1340
	1640
	1600
	1560
	1480
	1400


Table 6 Minimum guard for UE for FR2

	Channel BW [MHz]

SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	1240
	2480
	4960
	N.A

	120
	1960
	2480
	4960
	9920


3 Conclusion

This contribution proposes a simple manner to capture minimum requirements and conformance tests and to take into account possible asymmetry of the PRB utilization in the RAN4 specifications. Minimum requirements should assume that for the SCS in question, the channel centre is placed such that symmetry is maximized. At least for the UE (possibly also the BS), it should be stated that depending on configuration, the channel bandwidth centre may be in a position that does not enable symmetry of PRB utilization. For the configured PRB grid, SCS and bandwidth, all PRBs that do not violate the minimum guard should be utilized.
Proposal 1: The RAN4 requirements and conformance test for BS and UE should be stated as applying for each SCS and bandwidth with:

· Only the SCS in question active

· The centre of the channel bandwidth exactly aligned to Subcarrier 0/6 such that symmetry is maximized
· The PRB utilization as agreed in [3]

Proposal 2: A subsection of the BS specification specifying minimum guard sizes for each BS channel bandwidth / SCS and stating that for a configured PRB grid, all PRBs that do not violate the minimum guard are utilized.

· The minimum requirement and conformance test shall assume that the BS channel bandwidth centre is at SC 0 or 6 such that the PRB symmetry is maximized and PRB utilization is maximal

Proposal 3: For the UE specifications, capture that:

· Taking into account the alignment of the PRB grid to the UE channel bandwidth centre, all PRBs that do not violate the minimum guard for the SCS and UE channel bandwidth shall be utilized

· The minimum requirement and conformance test shall assume that the UE channel bandwidth centre is at SC 0 or 6 such that the PRB symmetry is maximized and PRB utilization is maximal
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